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[57] ABSTRACT

An operational amplifier circuit having a phase-com-
pensating capacitor disposed between the output of an
amplifier circuit as a first stage and the output of an

-amplifier circuit as a second stage is provided with a

potential holding circuit for maintaining the potential at
a node A between the first and second stages at a given
value so as to control a drop in the potential at the node
A, thereby making it possible to prevent a response
delay from occurring in a transition waveform of an
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1
OPERATIONAL AMPLIFIER CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an operational ampli-
fier circuit comprising a differential-amplification type
amplifier circuit as a first stage and an amplifier circuit
as a second stage.

2. Description of the Related Art

There has heretofore been known an operational
amplifier (hereinafter abbreviated as “OP amp”’) circuit
provided with a differential-amplification type amplifier
circuit 41 as a first stage and an amplifier circuit 42 as a
second stage as shown in FIG. § by way of example.

The amplifier circuit 41 has a pair of emitter-coupled
input transistors 43, 44. The base of the input transistor
43 is used as a minus input IN — side and supplied with
an input signal, whereas the base of the input transistor
44 is used as a plus input IN + side and supplied with an
input signal. The emitters of the input transistors 43, 44
are electrically connected to a power line 46 through a
constant-current circuit 45. In addition, the collectors of
the input transistors 43, 44 are electrically connected to
the collectors of a pair of transistors 48, 49, respectively,
which constitute a current mirror circuit 47. The emit-
ters of the transistors 48, 49 are electrically connected
to an earth or ground line 50.

On the other hand, the amplifier circuit 42 has a drive
transistor 51 whose base is electrically connected be-
tween the collector of the input transistor 44 and the
collector of the transistor 49. The collector of the drive
transistor 31 is electrically coupled to the power line 46
through a resistor 52, whereas the emitter thereof is
electrically connected to the ground line 50 via a resis-
tor 53. In addition, the emitter of the drive transistor 51
is electrically coupled to the base of an output transistor
54. The collector of the output transistor 54 is electri-
cally coupled to the power line 46 through a constant-
current circuit 53, whereas the emitter thereof is electri-
cally connected to the ground line 50.

Then, a phase-compensating capacitor 56 is electri-
cally connected between the collector of the input tran-
sistor 44 serving as the output of the amplifier circuit 41
and the collector of the output transistor 54 serving as
the output of the amplifier circuit 42. The phase-com-
pensating capacitor 86 is provided to prevent the phase
of an output signal of the amplifier circuit 42 from pro-
ducing a 180° phase shift or greater with respect to the
phase of a signal input to the amplifier circuit 41.

Thus, when the input (minus input IN—) applied to
the base of the input transistor 43 is higher in potential
level than the input (plus input IN+) applied to the base
of the input transistor 44 in the amplifier circuit 41,
current flowing in a base junction (node) A of the drive
transistor 51 through the input transistor 44 from the
constant-current circuit 4§ increases. As a result, the
drive transistor 51 1s turned on to bring the output tran-
sistor 54 into an on state, thereby causing the potential
of the output signal OUT from the amplifier circuit 42
to drop toward ground or GND potential.

On the other hand, when the base input of the input
transistor 43 is lower in potential level than that of the
input transistor 44, current flowing into the transistor 48
through the input transistor 43 from the constant-cur-
rent circutt 45 increases. Hence, the current is about to
flow into the transistor 49 in the same manner as de-
scribed above. As a result, the potential at the node A is
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2

reduced, and the drive transistor 81 1s hence turned off
to bring the output transistor 54 into an off state,
thereby causing the potential of the output signal OUT
from the amplifier circuit 42 to be raised toward a sup-
ply voltage VCC.

In this manner, the amplifier circuit 42 can produce a
desired output signal OUT based on the minus input
IN— and the plus input IN+ as the input signals ap-
phied to the amplifier circuit 41.

In the OP amp circuit referred to above, however,
the potential at the node A is reduced to potential near
the GND potential when the potential of the output
signal OUT of the amplifier circuit 42 is saturated at the
supply voltage VCC, i.e., reaches the saturation supply
voltage VCC. Then, when the base input of the input
transistor 48 1s higher in potential level than the base
input of the input transistor 44 and the potential of the
output signal OUT from the amplifier circuit 42 is about
to drop toward the GND potential, current, which is
about to flow in the node A through the input transistor
44, flows into the phase-compensating capacitor 56,
which is, in turn, charged by the current. Therefore, an
increase in the potential at the node A is delayed only
during a period in which the phase-compensating ca-
pacitor 56 i1s being charged, and the drive transistor 51
and the output transistor 54 are not turned on immedi-
ately. As a result, the output signal OUT of the ampli-
fier circuit 42 still remains saturated at the supply volt-
age VCC, thereby causing a problem that a response
delay occurs in a transition waveform of the output
whose potential drops toward the GND potential.

SUMMARY OF THE INVENTION

With the foregoing problem in view, it is therefore an
object of the present invention to provide an opera-
tional amplifier circuit capable of preventing a response
delay from occurring in a transition waveform of the
output from an amplifier circuit as a second stage upon
the charging of a phase-compensating capacitor pro-
vided between the output of an amplifier circuit as a
first stage and the amplifier circuit as the second stage.

According to the present invention, there is provided
an operational amplifier circuit including a differential-
amplification type amplifier circuit as a first stage; an
amplifier circuit as a second stage electrically con-
nected to the output of the amplifier circuit of the first
stage and provided with an output transistor for ampli-
fying a signal output from the amplifier circuit of the
second stage; and a phase-compensating capacitor elec-
trically connected between the output of the amplifier
circuit of the first stage and the output of the amplifier
circuit of the second stage for thereby compensating for
the phase difference between a signal input to the ampli-
fier circuit of the first stage and a signal output from the
amplifier circuit of the second stage, which comprises a
potential holding circuit for maintaining, at a predeter-
mined value, the potential at a node between the ampli-
fier circuit of the first stage and the amplifier circuit of
the second stage when the amplifier circuit of the first
stage delivers a signal to the amplifier circuit of the
second stage.

According to the arrangement of this operational
amplifier circuit, when the potential at the node be-
tween the amplifier circuit of the first stage and the
amplifier circuit of the second stage is reduced, the
potential holding circuit is activated to maintain the
node potential at a given value, thereby preventing the
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node potential from dropping. It is therefore possible to
prevent a response delay from occurring in a transition
waveform of an output from the amplifier circuit of the
second stage upon the charging of the phase-compen-
sating capacitor.

The above and other objects, features and advantages
of the present invention will become apparent from the
following description and the appended claims, taken in
conjunction with the accompanying drawings in which
preferred embodiments of the present invention are
shown by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a diagram showing a circuit configuration of
an operational amplifier according to a first embodi-

ment which embodies the present invention; _
FI1G. 2 is a diagram for describing the result of simu-

lation done by the representation of a waveform of

electrical potential output from the operational ampli-
fier shown in FIG. 1 and the representation of a wave-
form of electnical potential at a nodal point of the opera-
tional amplifier by means of computer simulation.

FI1G. 3 is a diagram illustrating a circuit configuration
of an operational amplifier according to a second em-
bodiment which embodies the present invention;

FIG. 4 1s a diagram depicting a circuit configuration
of an operational amplifier according to a third embodi-
ment which embodies the present invention; and

FIG. § is a diagram showing a circuit configuration of

a conventional operational amplifier.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A first embodiment, which embodies an operational
amplifier circuit of the present invention, will hereinaf-
ter be described in detail with reference to FIGS. 1 and
2. FIG. 1 shows a circuit configuration of an opera-
tional amplifier (hereinafter abbreviated as “OP amp”’)
which 1s equivalent to the operational amplifier circuit
according to the present embodiment. |

The OP amp 1s formed on a semiconductor chip, and
compnses a differential-amplification type amplifier
circuit 1 as a first stage and an amplifier circuit 2 as a
second stage. The amplifier circuit 1 has a pair of first
and second PNP-type input transistors 3, 4 which are
emitter-coupled to each other. The base of the first
input transistor 3 1s used as a minus or negative input
IN — side and supplied with an input signal, whereas the
base of the second input transistor 4 is used as a plus or
positive input IN+4 side and supplied with an mput
signal. The emitters of the first and second input transis-
tors 3, 4 are electrically connected to a power line 6
through a first constant-current circuit 8. The collectors
of the first and second input transistors 3, 4 are respec-
tively electrically connected to the collectors of third
and fourth NPN-type transistors 8, 9 which constitute a
current mirror circuit 7. The emitters of the third and
fourth transistors 8, 9 are electncally connected to an
earth or ground line 10. On the other hand, the amplifier
circuit 2 has an NPN-type drive transistor 11 whose
base is electrically connected to a node A between the
collector of the second input transistor 4 and the collec-
tor of the fourth transistor 9. The drive transistor 11 has
the collector electrically connected to the power line 6
through a resistor 12 and the emitter electrically con-
nected to the ground line 10 through a resistor 13. The
emitter of the drive transistor 11 is electrically con-
nected to the base of an NPN-type output transistor 14.
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The collector of the output transistor 14 is electrically
connected via a second constant-current circuit 18 to
the power line 6, whereas the emitter thereof is electri-
cally connected to the ground line 10.

In addition, a phase-compensating capacitor 16 is
electrically connected between the collector of the
second input transistor 4 which serves as an output
terminal side of the amplifier circuit 1 and the collector
of the output transistor 14 which serves as an output
terminal side of the amplifier circuit 2. The phase-com-
pensating capacitor 16 is provided to prevent the phase
of an output signal OUT of the amplifier circuit 2 from
producing a 180° phase shift or greater with respect to
the phase of an input signal of the amplifier circuit 1.

Thus, when the base input (minus input IN —) of the
first input transistor 3 is higher in potential level than
the base input (plus input IN+) of the second input
transistor 4 in the amplifier circuit 1, current flowing
into the node A via the second input transistor 4 from
the first constant-current circuit 5 increases. As a result,
the dnive transistor 11 is turned on to bring the output
transistor 14 into an on state, thereby causing the poten-
tial of the output signal OUT from the amplifier circuit
2 to drop toward ground or GND potential.

On the other hand, when the base input of the first
input transistor 3 is lower in potential level than that of
the second input transistor 4, current flowing into the
third transistor 8 from the first constant-current circuit
5 via the first input transistor 3 increases. As a result, the
potential at the node A is rendered low, and the drive
transistor 11 is hence turned off to bring the output
transistor 14 into an off state, thereby causing the poten-
tial of the output signal OUT from the amplifier circuit
2 to be raised toward a supply voltage VCC.

In this way, the amplifier circuit 2 produces a desired
output signal OUT based on the minus input IN— and
the plus input IN+ as the input signals applied to the
amplifier circuit 1.

In addition, the OP amp according to the present
embodiment is provided with a potential holding circuit
17 for maintaining the potential at the node A between
the amplifier circuit 1 and the amplifier circuit 2 at a
given value when the amplifier circuit 1 generates a
signal (i.e., for preventing the potential at the node A
from being reduced to potential near the GND poten-
tial). The potential holding circuit 17 has a fifth NPN-
type transistor 18 whose base 1s electrically connected
to the base of the output transistor 14 and the emitter of
the drive transistor 11. Further, the collector of the fifth
transistor 18 is electrically coupled to the power line 6
through a third constant-current circuit 19, whereas the
emitter thereof is electrically connected to the ground
line 10. The base of a sixth transistor 20 is electrically
connected to the collector of the fifth transistor 18. The
sixth transistor 20 has the collector electnically con.

- nected to the power line 6 and the emitter thereof con-

65

nected to the base of the drive transistor 11, i.e., the
node A. .

The fifth transistor 18 is set in such a manner that the
output potential thereof increases when the potential at
the emitter of the transistor 11 and base of the output
transistor 14 drops from the normal operating potential
or voltage in time to a range of from several mVs to
hundreds of mVs. In addition, the sixth transistor 20 is
turned on in response to the increase of the output of the
fifth transistor 18.

A description will now be made of the operation of
the OP amp constructed as described above. Let’s now
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assume that the base input of the first input transistor 3
1s lower in potential level than that of the second input
transistor 4. At this time, a large current flows from the
first constant-current circuit § to the third transistor 8
via the first input transistor 3. On the other hand, the
current is about to flow even into the fourth transistor 9
in the same manner as described above, thereby reduc-
ing the potential at the node A. Therefore, the drive
transistor 11 is turned off to bring the output transistor
14 into an off state. Consequently, the potential of the
output signal OUT from the amplifier circuit 2 reaches
a saturated state at the supply voltage VCC.

Since the potential at the emitter of the drive transis-
tor 11 1s low at this time, the fifth transistor 18 is turned
off and the sixth transistor 20 is turned on by the third
constant-current circuit 19 correspondingly. Therefore,
current flows into the node A through the sixth transis-
tor 20 so as to raise the potential at the node A, thereby
causing the drive transistor 11 to conduct appreciable
current. As a result, the potential at the base of the fifth
transistor 18 is raised, thereby causing collector current
flow in the same transistor 18. Accordingly, the poten-
tial at the base of the sixth transistor 20 is slightly re-
duced to decrease current flowing into the node A via
the sixth transistor 20, thereby making it possible to
suppress an increase in the potential at the node A.
Thus, the potential at the node A is higher than that of
the ground hine 10, and is controlled to reach potential
near the base potential of the drive transistor 11, for
causing the drive transistor 11 to start a turning-on
operation.

When the mput applied to the base of the first input
transistor 3 is higher in potential level than the input
applied to the base of the second input transistor 4 in a
state in which the potential of the output signal OUT
has reached the saturation supply voltage VCC, no
current is present in the first input transistor 3, and the
current, which 1s about to flow into the node A via the
second mnput transistor 4 from the first constant-current
circuit §, flows even in the phase-compensating capaci-
tor 16, which 1s, in turn, charged by the current. There-
fore, an increase in the potential at the node A is de-
layed only during a period in which the charging of the
phase-compensating capacitor 16 is being carried out.

At this time, the potential holding circuit 17 is acti-
vated to maintain the potential at the node A at the
potential near the base potential of the drive transistor
11, for initiating the turning-on action of the drive tran-
sistor 11. Therefore, the potential at the node A immedi-
ately reaches potential more than or equal to the base
potential thereof for turning on the drive transistor 11,
thereby making it possible to turn on the drive transistor

11. That is to say, the OP amp provided with the phase-
compensating capacitor 16 between the output of the
amplifier circuit 1 and the output of the amplifier circuit
2 can avoid a response delay which occurs in a transi-
tion waveform of an output from the amplifier circuit 2
by the charging of the phase-compensating capacitor
16.

FIG. 2 shows the result of simulation done by the
representation of a waveform of electrical potential
output from the OP amp and the representation of a
waveform of electrical potential at the node A of the
OP amp by means of operations performed by a com-
puter. As is apparent from FIG. 2, a drop in the poten-
tial at the node A 1s hardly developed even when the
output potential has reached a saturation high level at
time tl. Accordingly, the potential at the node A is
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maintained at a given level. Therefore, a response delay
does not occur in the transition waveform of the output
when the output potential varies with a change in the
input level at time t2. The OP amp makes it unnecessary
to take into consideration the response delay which
occurs in the output transition. It is thus understood that
the waveforms of the potential output from the OP amp
can ensure response characteristics which are substan-
tially symmetric with each other as viewed from the
plus and minus sides. On the other hand, in the conven-
tional OP amp, the potential at the node drops at the
time t1 as indicated by the dashed line, so that the wave-
form of the output potential at time t2 causes a time
delay as indicated by the broken line.

A second embodiment, which embodies an opera-
tional amphfier circuit of the present invention, will
now be described below with reference to FIG. 3. Inci-
dentally, the same elements of structure as those em-
ployed in the first embodiment will be identified by like
reference numerals and will not be described. There-
fore, a description will be made of the difference be-
tween the first and second embodiments.

An OP amp according to the present embodiment
differs in the structure of a potential holding circuit 21
from the OP amp according to the first embodiment.
The potential holding circuit 21 has seventh and eighth
NPN-type transistors 23, 24 which constitute a current
mirror circuit 22. The emitter of each of these transis-
tors 23, 24 1s electrically connected to an earth or
ground line 10. The seventh transistor 23 has the collec-
tor to which the cathode of a diode 25 series-connected
with a diode 26 in pairs is electrically connected. The
anode of the diode 26 is electrically connected to a
power line 6 through a fourth constant-current circuit
27.

The potential holding circuit 21 also has ninth and
tenth NPN-type transistors 28, 29 which are emitter-
coupled to each other. The base of the ninth transistor
28 is electrically connected between the diodes 25 and
26, whereas the collector thereof is electrically coupled
to the power line 6. The collector of the tenth transistor
29 is electrically connected to the power line 6 via a
fifth constant-current circuit 30, whereas the base
thereof is electrically connected to a node A, i.e., the
base of a drive transistor 11. Further, the emitter of each
of the ninth and tenth transistors 28, 29 is electrically
connected to the collector of the eighth transistor 24.

Further, the base of an eleventh transistor 31 is elec-
trically connected between the fourth constant-current
circuit 27 and the diode 26. The collector of the elev-

enth transistor 31 1s electrically connected to the power
line 6 and the emitter thereof is electrically connected

to the collector of the tenth transistor 29 and the base of
a twelfth transistor 32. As a result, the potential holding
circuit 21 compensates for the high impedance with
respect to the node A. The collector of the twelfth
transistor 32 is electrically connected to the power line
6, whereas the emitter thereof is electrically connected
to the base of the tenth transistor 29 and the node A.
According to the potential holding circuit 21 em-
ployed in the present embodiment, the fourth constant-
current circuit 27 and the diodes 26, 25 causes the cur-
rent mirror circuit 22 to conduct current of a constant
level at all times. In addition, this constant current is
supplied even to the bases of the ninth transistor 28 and
the eleventh transistor 31. Thus, when the potential at
the node A is high, the tenth transistor 29 is turned on.
On the other hand, when the potential at the node A is



J,262,688

7

low, the tenth transistor 29 is turned off and the twelfth
transistor 32 is turned on in place of the tenth transistor
29. Consequently, the twelfth transistor 32 causes cur-
rent flow in the node A, thereby making it possible to
suppress a drop in the potential at the node A.

Thus, similarly to the first embodiment, the OP amp
according to the present embodiment enables the poten-

tial at the node A to be always maintained at the poten-
tial near the normal operating base potential of the drive

transistor 11, for initiating the turning-on action of the
drive transistor 11 in a state in which the potential of the
output signal OUT from an amplifier circuit 2 as a sec-
ond stage has reached a saturation supply voltage VCC.

As a result, an output transistor 14 1s immediately
turned on, so that the potential of the output signal
OUT from the amplifier circuit 2 is immediately re-
duced toward the GND potential. That is to say, the OP
amp provided with a phase-compensating capacitor 16
between the output of an amplifier circuit 1 as a first
stage and the output of the amplifier circuit 2 can pre-
vent a response delay from occurring in a transition
waveform of an output from the amplifier circuit 2 upon
the charging of the phase-compensating capacitor 16.

A third embodiment, which embodies an operational
amplifier circuit of the present invention, will now be
described below with reference to FIG. 4. An OP amp
according to the present embodiment differs in the
structure of each of an amplifier circuit 33 as a second
stage and a potential holding circuit 34 from the OP
amp of each of the first and second embodiments.

The amplifier circuit 33 has a circuit configuration in
which the drive transistor 11 and the resistors 12, 13 are
eliminated from the amplifier circuit 2 employed in each
of the first and second embodiments. More specifically,
the collector of an output transistor 14 is electrically
connected to a power line 6 via a second constant-cur-
rent circuit 15, whereas the emitter thereof is electri-
cally connected to an earth or ground line 10. In addi-
tion, the base of the output transistor 14 is electrically
connected to an amplifier circuit 1 as a first stage at a
node A. A phase-compensating capacitor 16 1s electri-
cally connected between the node A and the collector
of the output transistor 14.

On the other hand, the potential holding circuit 34
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has a circuit configuration in which the current mirror 45

~circuit 22 and the ninth transistor 28 are omitted from
the potential holding circuit 21 employed in the second
embodiment. More specifically, the anode of a diode 26
series-connected with a diode 25 is electrically con-
nected to the power line 6 through a fourth constant-
current circuit 27, whereas the cathode thereof is elec-
trically coupled to the ground line 10. Then, the collec-
tor of a tenth transistor 29 is electrically connected to
the power line 6 through a fifth constant-current circuit
30, whereas the base thereof 1s electrically connected to
the node A, i.e., the base of the output transistor 14. In
addition, the emitter of the tenth transistor 29 is con-
nected to the ground line 10. Connected between the
fourth constant-current circuit 27 and the diode 26 1s the
base of an eleventh transistor 31. The collector of the
eleventh transistor 31 is electrically connected to the
power line 6, whereas the emitter thereof is electrically
connected to the collector of the tenth transistor 29 and
the base of a twelfth transistor 32. The collector of the
twelfth transistor 32 1s electrically connected to the
power line 6, whereas the emitter thereof is electrically
coupled to the base of the tenth transistor 29 and the
node A.

55
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According to the potential holding circuit 34 em-
ployed in the present embodiment, the fourth constant-
current circuit 27 supplies current of a constant level to
the base of the eleventh transistor 31. Thus, when the
potential at the node A is high, the tenth transistor 29 is
turned on. On the other hand, when the potential at the
node A is low, the tenth transistor 29 is turned off, so

that the twelfth transistor 32 is turned on to supply
current to the node A, thereby making it possible to

avoid or suppress a drop in the potential at the node A.

Thus, in a manner similar to each of the aforemen-
tioned embodiments, the OP amp according to the pres-
ent embodiment enables the potential at the node A to
be always maintained at the potential near the normal
operating base potential for initiating the turning-on
action of the output transistor 14 in a state in which the
potential of the output signal OUT from the amplifier
circuit 33 has reached a saturation supply voltage VCC.

As a result, the output transistor 14 is immediately
turned on, so that the potential of the output signal
OUT from the amplifier circuit 33 promptly drops
toward the GND potential. That is to say, the OP amp
provided with the phase-compensating capacitor 16
between the output of the amplifier circuit 1 and the
output of the amplifier circuit 33 can prevent a response
delay from occurring in a transition waveform of an
output from the amplifier circuit 33 upon the charging
of the phase-compensating capacitor 16.

Incidentally, the present invention is not necessarily
limited to each of the aforementioned embodiments. It
will be apparent that the present invention can also be
practiced in the following manner by suitably modify-
ing portion of the arrangement of the present invention
within a scope not departing from the essence of the
present invention.

(1) According to each of the embodiments referred to
above, the current mirror circuit 7 has been electrically
connected as a load used for the first and second input
transistors 3, 4 emitter-coupled to each other in the
amplifier circuit 1. However, a circuit composed of
resistors or the like may be connected as a load for the
above transistors.

(2) According to each of the aforementioned embodi-
ments, the first and second PNP-type input transistors 3,
4 emitter-connected to each other have been provided
in the amplifier circuit 1. However, a pair of NPN-type
input transistors emitter-coupled to each other may be
provided.

(3) According to each of the above-described em-
bodiments, each of the transistors takes a bipolar type of

construction. However, each transistor may be a MOS

type of construction.

What is claimed 1is:

1. An operational amplifier circuit including a first
stage consisting of a differential-amplification type am-
plifier circuit having at least one input and an output; a
second stage consisting of an amplifier circuit having an
input electrically connected to said output of said first
stage amplifier circuit and provided with an output
transistor with an input and an output; and a phase-com-
pensating capacitor electrically interconnecting said
output of said first stage amplifier circuit with said out-
put of said output transistor for compensating for the
phase difference between a signal apphied to said one
input of said first stage amplifier circuit and a signal at
said output of said transistor in said second stage, com-
prising:
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a potential holding circuit coupled to a node in the
connection between said input of said second stage
amplifier circuit and said output of said first stage
amplifier circuit for maintaining at a predetermined
value the potential at said node when said first
stage amplifier circuit delivers a signal to said sec-
ond stage amplifier circuit.

- 2. An operational amplifier circuit according to claim
1 wherein a drive transistor interconnects said second
stage amplifier circuit input with said input of said out-
put transistor for controlling said output transistor as a
function of the potential at said node.

3. An operational amplifier circuit according to claim
2, wherein said drive transistor has either a base or gate
electrode coupled to said second stage amplifier circuit
input for receiving input signals from said node, and
said predetermined value is selected to be near the cut-
off potential for said base or gate electrode.

4. An operational amplifier circuit according to claim
2, wherein an output of said drive transistor is coupled
to said potential holding circuit for controlling the po-
tential at said node as a function of the potential at said
output of said drive transistor, said node potential being
maintained at said predetermined value where said
drive transistor 1s non-conducting.

5. An operational amplifier circuit according to claim
4, wherein each transistor of said operational amplifier
circuit 1s a bipolar type.

6. An operational amplifier circuit according to claim
4, wherein said amplifier circuit of said first stage com-
prises emitter-coupled bipolar transistors.

7. An operational amplifier circuit according to claim
4, wherein each transistor of said operational amplifier
circuit 1s a MOS type.

8. An operational amplifier circuit according to claim
4, wherein said potential holding circuit has a constant-

current source and 1s activated to supply current from
said constant-current source to said node when said

10

15

20

25

30

35

45

30

29

65

10

node potential is low, thereby maintaining said node
potential at said predetermined value.

9. An operational amplifier circuit according to claim
1, wherein said potential holding circuit 1s activated to
apply potential to said node and to supply current to
said node when said node potential i1s low, thereby
maintaining said node potential at said predetermined
value.

10. An operational amplifier circuit according to
claim 9, wherein each transistor of said operational
amplifier circuit 1s a bipolar type.

11. An operational amplifier circuit according to
claim 9, wherein said amplifier circuit of said first stage
comprises emitter-coupled bipolar transistors.

12. An operational amplifier circuit according to
claim 9, wherein each transistor of said operational
amplifier circuit is a MOS type.

13. An operational amplifier circuit according to
claim 9, wherein said potential holding circuit has a
constant-current source and is activated to supply cur-
rent from said constant-current source to said node
when said node potential is low, thereby holding said
node potential constant. |

14. An operational amplifier circuit according to
claim 9, wherein said output transistor has either a base
or gate electrode coupled to said second stage amplifier
circuit input for receiving input signals from said node,
and said predetermined value is selected to be near the
cut-off potential for said base or gate electrode.

15. An operational amplifier circuit according to
claim 9 wherein a drive transistor interconnects said
second stage amplifier circuit input with said input of
said output transistor for controlling said output transis-
tor as a function of the potential at said node.

16. An operational amplifier circuit according to
claim 1§, wherein said drive transistor has either a base
or gate electrode coupled to said second stage amplifier
circuit input for receiving input signals from said node,
and said predetermined value is selected to be near the

cut-off potential for said base or gate electrode.
% ¥ ¥ %
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